We set up sum rules for heavy lambda decays in a full QCD calculation which in the heavy quark mass limit incorporates the symmetries of heavy quark effective theory. For the semileptonic Λ c decay we obtain a reasonable agreement with experiment. For the Λ b semileptonic decay we find at the zero recoil point a violation of the heavy quark symmetry of about 20%.
The semileptonic decays of hadrons are the most valuable source of information for the determination of the Cabbibo-Kobayashi-Maskawa (CKM) matrix elements, but unfortunately these fundamental quantities of the standard model have to be disentangled from the effects of strong interactions occurring inside the hadrons. In the limit where the initial and final quarks are infinitely heavy the degrees of freedom can be integrated out and the remaining heavy quark effective theory (HQET) ( [1] [2] [3] [4] , for a review see [5] ) can make a number of rigorous statements that are independent of the details of the strong interaction. However, the corrections to the heavy quark effective theory due to finite quark masses are by no means negligible and therefore one has to look for more realistic treatments of the effects of strong interactions on the semileptonic decays. QCD sum rules [6] (for reviews see [7,8]) are one of the most widely used and best founded approaches for these purposes, treating non-perturbative effects analytically with a limited input of phenomenological parameters, with good success in the calculation of corrections to HQET (see [5] and references therein).
Particularly, QCD sum rules have shown that the non-leading corrections to HQET can be quite appreciable, even for hadrons with b-quarks [9, 10] .
Semileptonic decays of charmed into strange hadrons are among the best investigated processes of this kind. The relevant CKM matrix element V cs is well determined, so that calculations of these decays may provide very good tests of the applied method. On the other hand, there are quite serious discrepancies between experiments and HQET in the ratios of the lifetimes of beautiful baryons to beautiful mesons (see e.g. [11] ), and hence it is of prime interest to investigate all decay channels of the Λ b baryon.
In this letter we evaluate the semileptonic decays of heavy Λ-baryons in the QCD sum rule approach as was developed for heavy meson decays in reference [12] . This approach treats full QCD but also reproduces the symmetries of HQET. It is therefore a very interesting method for the investigation of deviations from HQET in the decay Λ b → Λ c ℓν ℓ .
We label generically the initial channel by I and the final channel by F . For the decay Λ I → Λ F + ℓ + ν ℓ we start from the three-point function of the weak transition current from a initial to a final quark J µ =Q F γ µ (1 − γ 5 )Q I and the interpolating fields of the initial and
The experimental information is contained in the decay amplitude [13] 
where q = p F − p I and the form factors are functions of t = q 2 .
We relate the theoretical (Eq. (1)) with the physical (Eq. (2) .
We introduce the couplings f F 1 and f I 1 of the currents with the respective hadronic states
and obtain the phenomenological representation of Eq. (1)
where we have defined f
The theoretical expression is evaluated by performing the operator product expansion of the operator in Eq. (1) and then taking the expectation value with respect to the physical vacuum. The term from the unit operator gives the usual perturbative contribution, while the vacuum expectation values of the other operators in the expansion give the nonperturbative corrections proportional to the condensates of the respective operators. Thus
where the index i refers to the dimensions of the condensates.
As usual we evaluate the form factors is to express the current couplings f I i and f F k also through QCD sum rules and relate the Borel parameters in the same way as explained in reference [12] . This also leads to a considerable reduction of the sensitivity to input parameters, like the continuum thresholds s 0 and u 0 , and to radiative corrections [14] .
As it is well known from two-point sum rules for baryons [15] [16] [17] , there is a continuum of choices for the interpolating currents. Of course the results should in principle be independent of the choice of the current (except for pathological cases which couple very weakly to the ground state), but the justification of the approximations depends on the choice made.
In this letter we concentrate on a very simple interpolating current where the two light quarks form a singlet spin and isospin state, namely
where u In order to estimate the four quark condensate we use the factorization
where the parameter κ, which ranges from 1 to 3, represents the deviation from the factorization hypothesis [7] . For the value of the quark condensate we take <>= −(230 MeV) 3 .
As general results we obtain
In Fig. 1 we show the behaviour of the contributions to the form factor F . This seems to be a rather large value for the Borel mass. However, the influence of the 6-dimensional condensate is still large at that value and we expect the contributions of higher dimensional condensates to be very important at smaller Borel masses. A classical sum rule window where the perturbative and non-perturbative contributions are in equilibrium is thus the range above 5 GeV 2 . In that range we obtain F V 1 (0) = 0.51 ±0.02 for κ = 1. We have also calculated the t-dependence of this form factor in the range 0 ≤ t ≤ 0.6 GeV 2 where we do not encounter difficulties with non-Landau singularities [12] . The t-dependence is represented with dots in Fig. 2 for two different choices of the four quark condensate (κ = 1, 2 ). It can be very well approximated by a pole fit (solid line for κ = 2 and dashed line for κ = 1). Using this form factor we obtain for the width
Within the errors this value agrees with the reported experimental value [22] Γ(Λ c → Λ + e + + ν e ) = (0.74 ± 0.15) × 10 −13 GeV.
The values in Eq. (9) yield an asymmetry parameter α = −1 whereas the observed value Considering κ in the range 1 ≤ κ ≤ 3 the form factor at the zero recoil point t-dependence of this form factor can be calculated in the range 0 ≤ t ≤ 8 GeV 2 (which covers the major part of the kinematically allowed region 0 ≤ t ≤ 11.34 GeV 2 ) without encountering difficulties with non-Landau singularities [12] . The t-dependence is again well approximated by pole fits, as can be seen in Fig. 4 . The extrapolation of the fits to the maximal momentum transfer value,
This value is remarkably stable against variations of the input parameters like κ, s 0 , u 0 and the Borel mass. In the interval 1 ≤ κ ≤ 3 we estimate the errors to be
In HQET this value is just the Isgur-Wise function at zero quark recoil and is predicted to be 1. We thus find a strong deviation of the heavy quark symmetry in the semileptonic decay Λ b → Λ c . The deviation is larger than in the B → D decays, where the corresponding value is about 0.9, in accordance with sum rules in full QCD [18] , and corrections to HQET [19] . We have checked that this strong deviation is almost entirely due to the small mass of the charmed quark . We have also calculated the semileptonic decay rate, which turns out to be much more sensitive to the input parameters than the value at the zero recoil amplitude. We have obtained for the decay width
where the errors reflect variations of κ from 1 to 3 and of the other parameters within reasonable limits. This value is consideraby smaller than other predictions [13, 20, 21] , which range from 3.5 to 6 ×10 −14 GeV . It is interesting to note that the 1/m Q corrections to HQET tend to increase the width [13, 21] , whereas our result clearly indicates that the width in full QCD is smaller than in HQET. The decay width obtained by us stays well below the experimental upper limit [22] given by Γ(
GeV.
Important violations of HQET for some form factors are not unplausible due to the large difference between the mass of the Λ b and the b-quark ( see ref. [5] , A detailed description of our procedure and the application to other decays and observables, as well as the dependence of the results with the interpolating fields, will be given in a forthcoming publication [23] . 
